Previous systematic reviews on the relation between overweight or obesity and breakfast focused on the frequency of consumption and only partially accounted for breakfast nutritional profiles. Given the central role of these factors, we conducted a systematic review of the literature on this putative relation, with a specific focus on breakfast energy intake and/or breakfast composition. Among the 814 articles identified from the literature search in PubMed, 19, mostly cross-sectional, studies met the inclusion criteria (i.e., studies providing a quantitative estimate of the relation between any measure of weight, overweight, and obesity and breakfast energy intake or breakfast macronutrient composition). We excluded studies in subjects with acquired metabolic disorders, such as diabetes or impaired glucose tolerance. Of the 16 studies that evaluated the amount of energy intake at breakfast, 4 found that a lower energy intake at breakfast was significantly associated with obesity in children, adolescents, and adults, whereas 2 partially overlapping studies found that a higher energy intake was significantly associated with a higher body mass index in children. Of the 8 studies investigating breakfast composition, 3 suggested that a breakfast characterized by a higher amount of carbohydrates and a lower amount of fat is significantly related to normal weight in adults, whereas the others reported mixed results. In conclusion, there is some evidence that a lower energy intake at breakfast is related to obesity, although the studies are few and heterogeneous. Studies on the nutrient composition of breakfast have shown inconsistent results. Adv Nutr 2016;7:455-65.
Introduction
Obesity is one of the most important causes of preventable morbidity and mortality in developed countries, with adverse psychosocial and economic consequences. In 2014, ;40% of adults worldwide were overweight and 13% were obese; >40 million children under the age of 5 y were overweight or obese in 2013 (1). Obesity has major genetic determinants, but environmental factors are also strongly related to its development (2) . Among them, diet and physical activity are the main contributors.
Much research has investigated the role of breakfast consumption on obesity. This issue is of specific interest in childhood and adolescence because overweight or obese children have a higher risk of being obese in adulthood (3) and, consequently, a higher risk of hypertension, diabetes, and heart disease (4). Several observational studies have shown a tendency for low or nonconsumers of breakfast to be overweight or obese, although findings were not always well supported and the heterogeneity of various sources makes comparisons difficult (2, (5) (6) (7) (8) (9) (10) (11) . However, the vast majority of these investigations focused on the effects of frequency of breakfast occasions (in terms of number of occasions per week or in categories) and, if at all, provided only a partial account of energy intake at breakfast and breakfast composition.
Because energy imbalance (between intake and expenditure) and diet composition seem to be independent determinants in the etiology of obesity, studies specifically focusing on breakfast energy intake and/or breakfast composition are expected to reveal new aspects of the putative association between breakfast habits and overweight/obesity. Moreover, these studies may provide comparable data from different countries, which typically have different breakfast habits.
The aim of the present systematic review is to summarize the available evidence for the relation between overweight/ obesity and breakfast characteristics, considering the specific role of energy intake from breakfast and/or the nutrient composition of breakfast. Because obesity is an increasing worldwide problem and breakfast habits are a modifiable factor, we expect results from this review to represent the starting point for the development of future public health messages.
Methods

Search strategy
We carried out a systematic search through MEDLINE via PubMed to identify articles on the relation between breakfast characteristics (energy intake and/or nutrient composition) and overweight/obesity in humans that were published in English up to November 2014. The following key terms were used: (breakfast OR "breakfast composition" OR "daily meal distribution") and ("energy intake" OR "energy contribution" OR "energy expenditure" OR quality OR energy OR skipping) and (obesity OR overweight OR "body mass index" OR "insulin sensitivity" OR "glycemic index"). We followed the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) group (12) . Two authors (VR and VE) independently selected the articles and retrieved and assessed those that were potentially relevant. The reference lists of the identified articles and of other systematic reviews focusing on similar topics were also reviewed. Discrepancies in article selection were resolved by involving a third researcher (CA).
Inclusion and exclusion criteria
Participants. Studies in subjects of all ages and both sexes were included. We excluded studies in subjects with acquired metabolic disorders, such as diabetes or impaired glucose tolerance.
Outcome measures. Studies that referred to any measure of weight, overweight, or obesity (weight in kilograms, weight changes, waist circumference, waist-to-height ratio, BMI) were included. We excluded studies that reported outcome measures at baseline but not at the end of the study experiment or studies that investigated the effect of breakfast on proxies of the outcome, such as perception of weight, appetite, and satiety or blood surrogates, such as ghrelin concentration.
Exposure measures. We included studies that provided quantitative estimates of total energy intake at breakfast (including absolute intakes of total energy and/or percentages of daily energy intake provided by breakfast) or breakfast macronutrient composition (e.g., protein, fiber, carbohydrate, sugar, fat, cholesterol, SFAs) for different breakfast treatments. The definition of breakfast was the first food or meal consumed during the day, although some studies on school breakfast programs did not explicitly ask for previous intakes (e.g., at home, on the bus). Original information on energy intake at breakfast has been consistently expressed in kilocalories throughout the present study. Studies were included regardless of the content of the meal (e.g., drinks, eggs); however, when studies provided separate analyses on breakfast energy including or excluding beverages, we reported results on the former analysis. We excluded studies that compared breakfast with a "no breakfast" option unless several breakfast treatments, with specified energy or composition, were simultaneously available and compared with one another (other exclusion criteria are described in the Supplemental Material).
Relation between outcome and exposure measures. Studies that provided data on any form of relation between obesity and energy intake at breakfast or breakfast composition were included. This included results derived from different statistical approaches, such as descriptive statistics and tests, correlation analysis, multiple regression models, and ANOVA. We excluded studies that did not provide quantitative results of any kind but only histogram-like representations of the results. We also excluded studies that provided indirect information on the relation between breakfast characteristics and weight, through regression models carried out in strata of obese and normal-weight subjects. Finally, we chose to include all of the studies that met the inclusion criteria, and we did not exclude any study on the basis of study quality.
Results
Study selection
From the literature search of the PubMed database, we identified 814 articles of which 690 were retained when we limited our search to "humans" (n = 68 removed) and "English" language (n = 56 removed). After the exclusion of 564 articles that were not relevant based on title and/or abstract, 126 articles remained and their full texts were retrieved for detailed evaluation. In addition to 25 reviews, 85 original research articles were excluded because they were not pertinent or did not satisfy the inclusion criteria previously indicated. The most frequent reasons for exclusion were the absence of information on the composition of the breakfast (e.g., information on the consumption or frequency of breakfast, without extra details on energy intake or macronutrient composition of the available breakfast options) or the absence of an appropriate outcome measure (e.g., perception of weight). Three additional articles were identified from manual searches of reference lists of selected original research and review articles. Therefore, 19 articles based on ;30,000 subjects were included in our systematic review (Supplemental Table 1 , Figure 1 ).
Characteristics of the included studies
Among the selected 19 studies (13-31) (Supplemental Table 1 ), 1 was a cohort study (13) , 2 were intervention trials (14, 15) , and the remaining studies were cross-sectional studies or surveys (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . The studies were published between 1996 and 2013 (13) (14) (15) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , with the exception of 1 study that was published in 1988 (16) . The studies were mainly conducted in Europe, including Spain (17, 19, 20, 23, 28) , the United Kingdom (13, 15, 18, 31) , France (16, 25) , and Finland (14) , but some of the studies were conducted in the United States (22, 24, 26, 27, 29, 30) and 1 study was conducted in Iran (21) . The studies examined subjects of different ages: 10 studies enrolled children or adolescents (16, 19-21, 23, 25-28, 30 ), 8 recruited adults of different ages (13-15, 17, 22, 24, 29, 31) , and 1 study enrolled 4 age-specific subgroups of subjects (18) . The sex of recruited subjects was not stated in 6 studies (13, 16, 25, 27, 28, 30) . Ten studies defined strict exclusion criteria (e.g., presence of chronic or endocrine diseases) (14, 15, 17, 19, 20, 22-24, 28, 29) . In most of the studies, the anthropometric data were measured and recorded by trained staff (13-17, 19-24, 26-28, 30, 31) , in 2 studies they were self-reported (25, 29) , and in 1 study this information was not reported (18) . Finally, 7 of the 19 included studies were sponsored by food companies (14, 15, 19, 20, 22, 24, 27) .
Overview of the main results. Table 1 shows the main results of the 19 studies included in the present review. Among them, 11 studies investigated the relation between overweight/ obesity measures and energy intake at breakfast only (13, 16, 18, 19, 21, 23-26, 28, 30) , 3 studies reported the relation with breakfast composition only (15, 27, 31) , and 5 addressed both characteristics (14, 17, 20, 22, 29) . Among the 16 studies investigating the effect of energy intake, 8 investigated the effect of absolute energy intake of breakfast (kcal) (14, 20, 22-24, 26, 29, 30 ) and 8 investigated the effect of the percentage of energy from breakfast to overall daily energy intake (13, 16-19, 21, 25, 28) . Absolute values of breakfast energy intake ranged from 164 [mean of the low-energy breakfast group (23) ] to 591 kcal [mean of the high-energy breakfast group (23) ]. The percentage of energy from breakfast ranged from 10% (21) to 50% (13) , but a reference value of 20% was occasionally fixed a priori to indicate an adequate/inadequate breakfast (19) .
Energy intake at breakfast and overweight/obesity. Ten of the 16 studies that investigated the effect of energy intake at breakfast showed a negative relation with obesity: a lower energy intake at breakfast was associated with greater weight/BMI (13, 16-18, 20, 22, 23, 25, 28, 29) . Among the 10 studies, 1 was a cohort study (13) and the remaining ones were cross-sectional studies or surveys. Three studies used interviewer-administered dietary assessment instruments (16, 22, 23 ) and 7 used self-reported (13, 17, 18, 20, 25, 28, 29) dietary assessment instruments, mainly food diaries (17, 18, 20, 25, 28, 29) . Seven studies used multiple regression models with various outcomes (13, 16-18, 20, 22, 25) , 2 used tests of significance (23, 28) , and 1 did not perform any test (29) . Two studies were sponsored by industry (20, 22) . In 4 studies, the negative association was statistically significant (13, 16, 18, 22) , although in 1 study the result was significant for adolescents only (18) . Two partially overlapping cross-sectional US studies adopted regression models for multilevel data to show a significant positive relation between energy intake at breakfast and BMI in children: a higher energy intake at breakfast was associated with a higher BMI (26, 30) . Two other studies, which included the only available trial on energy intake at breakfast (6 wk for each of the 2 trial periods), showed no significant association between energy intake at breakfast and obesity (14, 24) .
Finally, 2 cross-sectional studies carried out separate analyses in strata of sex and found inconsistent results. An Iranian study in adolescents showed a significantly lower energy intake at breakfast in overweight/obese girls but no significant difference in normal-weight boys (21) , and a Spanish study showed that a higher percentage of obese boys but a lower percentage of girls consumed an inadequate breakfast (characterized by <20% of total daily energy intake), although without a significant effect of sex and percentage of total energy intake (19) .
With regard to different age groups and the association between energy intake at breakfast and overweight/obesity, of the 7 cross-sectional/survey studies in children aged 2-13 y [of which 1 study reported both overall and separate results for children aged 3-6 and 7-11 y (25)], 1 study (14%) reported an inverse association (16), 2 partially overlapping studies (29%) reported a positive association (26, 30) , whereas the remaining 4 studies (57%) reported no significant associations (19, 20, 23, 25) . In particular, 2 studies (100%) in 2-to 6-y-old children found no significant association (19, 25) . Of the 5 studies in 7-to 13-y-old children, 1 study (20%) found an inverse association (16), 2 studies (40%) found no significant inverse association (20, 25) , and the 2 partially overlapping studies (40%) showed a positive association (26, 30) . One study (100%) in children of different ages (3-12 y) found no significant inverse association (23) . Among the 3 cross-sectional studies in adolescents (aged 10-17 y), 1 study in adolescents aged 13-14 y reported an inverse association (18) ; 1 study in adolescents aged 10-19 y (50%) reported an inverse association in females, but not in males (21) ; and another study in 12-to 17-y-olds showed a nonsignificant inverse association (28) . Among the 7 studies in adults (>19 y of age), 1 cohort study (13) and 1 large survey (22) (29%) reported an inverse association, 1 crosssectional study (14%) reported a descriptive inverse association (29) , and the remaining 4 studies, including 1 trial but not with increasing BF EI from P and simultaneously decreasing BF EI from fat (OR: 1.03;
BF, breakfast; CHL, cholesterol; CHO, carbohydrate; ED, energy density; EI, energy intake; F, females; M, males; N, normal weight; O, obese; OW, overweight; P, protein; RTEC, ready-to-eat cereal; S, significant association; UW, underweight.
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To summarize the impact of energy intake from breakfast we used the following notation:
Y, negative relation (lower EI is associated with a higher weight);
[, positive relation (higher EI is associated with a higher weight);
4, no relation;
-, indicated no information on energy intake but on breakfast composition only.
(57%), showed no association (14, 17, 18, 24) (Supplemental Figure 1 ).
Breakfast composition and overweight/obesity. Among the 8 available studies that investigated the effect of breakfast composition, 2 were trials (14, 15) and 6 were cross-sectional studies or surveys (17, 20, 22, 27, 29, 31) . Five studies (14, 15, 22, 27, 31) assessed the specific effect of cereals at breakfast (14, 15, 22) or related issues (e.g., their sugar content or the substitution of energy from carbohydrates or protein with fat) (27, 31) , whereas 3 studies assessed the effect of dietary habits in general (17, 20, 29) . Two studies used interviewer-administered dietary assessment instruments (22, 27) and 6 studies used self-reported (14, 15, 17, 20, 29, 31) dietary assessment instruments, mostly diary food records (14, 17, 20, 29, 31) . Six studies used multiple regression models (14, 17, 20, 22, 27, 31) , and 5 were sponsored by industry (14, 15, 20, 22, 27) .
In a large US survey, consumers of a ready-to-eat cereal (RTEC) breakfast were significantly less likely to be overweight than non-RTEC breakfast consumers, with the former breakfast being characterized by fewer calories (222 compared with 466 kcal), less fat (2 compared with 17 g), more carbohydrates (90 compared with 52 g), and more fiber (5 compared with 3 g) than the latter (22) . Similarly, in a survey from the United Kingdom, a decreased prevalence of abdominal obesity at age 53 y was significantly associated with increasing energy intake at breakfast from carbohydrates and simultaneously decreasing energy intake from fat at age 43 y; however, the same was not true if the increased energy intake at breakfast was from protein (31) . In a US survey that focused on sugar in cereals, the mean BMI of children and adolescents who consumed cereals with different sugar contents at breakfast (<17, 17-33, or >33 g/100 g) was not significantly different across groups, although it was significantly lower than that of non-cereal eaters (27) . In a Spanish survey in elderly individuals, obese subjects had a significantly lower percentage of fiber intake than did normal-weight individuals (17) ; however, in a Spanish survey in schoolchildren from the same authors, no significant difference was found in breakfast composition between normal-weight and overweight subjects (20) . Finally, in 2 European trials (14, 15) , no significant difference in body weight change was observed between a breakfast option based on cereals and other types of breakfast (including the subject's usual diet) over 6 wk (14) and an isoenergetic muffin-based breakfast during 1 wk (15) .
Discussion
In the present review, we identified 19 studies, mainly conducted in Europe in the past decade, that provided quantitative estimates on the effect of the amount of energy intake at breakfast or of breakfast composition on various measures of overweight or obesity, mainly BMI. Of the 16 studies that investigated the effect of the amount of energy intake at breakfast, 4 found that a lower absolute percentage of energy intake at breakfast was significantly associated with obesity (13, 16, 18, 22) . Conversely, 2 other partially overlapping studies found that a higher energy intake was significantly associated with a higher BMI in children aged 9-10 y (26, 30) . The conflicting results may be due, at least in part, to heterogeneity in the age of the participants.
Of the 8 studies that investigated the effect of breakfast composition, 3 surveys suggested that a breakfast characterized by a lower amount of fat and a higher amount of carbohydrates is significantly associated with normal weight among children and adolescents (27) and adults (22, 31) , whereas the other studies reported mixed results (14, 15, 17, 20, 29) . However, there were insufficient quantity and consistency among studies to draw firm conclusions, and most of the studies were cross-sectional.
Strengths and limitations. Although most of the included studies were carried out in well-nourished subjects from developed countries, some heterogeneity emerged with regard to participant age. Half of the studies were in children and adolescents, and the other half were in adults. However, further analyses showed consistent results in the 2 subgroups. Similarly, some heterogeneity existed with regard to the sex of the participants.
In addition, only a few studies acknowledged the importance of potentially relevant confounding factors such as socioeconomic status (SES)-or its proxies (e.g., social class and occupation, income, education) (13, 19, 20, 24, 27, 31) -and physical activity (13, 24, 25, 31) , although these factors may have a substantial effect on weight (32) . In detail, among the 10 studies that presented results from regression models of any kind, 5 provided an adjustment for SES and/or physical activity (13, 24, 25, 27, 31) .
A limitation of the studies included in our systematic review is that measured outcomes and exposures may suffer from underreporting. A differential underreporting of weight and food intakes between obese and normal-weight subjects, as well as between children and adolescents/adults, cannot be excluded (21, 25) . Potential bias due to underreporting in frequency and consumed amounts may have an impact on the identified relation/associations. Three of the included studies assessed this effect, with mixed results (18, 20, 24) . However, a reassuring aspect is that most of the studies (n = 16; 84%) recruited trained personnel to measure the anthropometric variables of interest, thus limiting the risk of potential underreporting related to the outcome of interest.
Most of the available studies (n = 16; 84%) referred to BMI as the main outcome of interest, thus improving comparability of results across studies. Moreover, some of the studies (n = 8; 50%) referred to BMI in a continuous scale and consistently proposed results from linear regression models. Unfortunately, when results were presented for different BMI categories, various cutoffs were adopted across studies.
Moreover, differences were found in the dietary assessment methods used for the collection of dietary information. at EBSCOhost on May 20, 2016 advances.nutrition.org periods, and diet histories were used across the different studies. Only a few studies were based on validated dietary assessment methods (13, 15, 18, 23) . Records from self-reported and interviewer-administered dietary instruments were also allowed. This may limit the effective comparability of study-specific exposure variables.
With regard to study design, almost all of the studies included in the present review were cross-sectional. If, in principle, this limits heterogeneity, it is also an important limitation of our review, because no causal relation may be assessed from a similar design. Moreover, reverse causation is a potential issue of this study design: although quantitative estimates are calculated, there is no way to attribute a temporal direction to the relation between exposure and outcome, and therefore to assess causality. This makes the evidence from these studies relatively weak. However, it is difficult to conceive and design trials on similar topics. In addition, it is also worth noting that the 2 available trials included in the review were from Europe, focused on the effect of cereals, and showed null results. However, although 1 trial (14) had a potentially sufficient follow-up to observe a weight change (6 wk for each of the 2 trial periods, with a washout period in-between), the other one (15) , which had a duration of 1 wk, likely had a very low possibility of showing important modifications in body weight.
In summary, among the selected studies, only 1 study (13) , the only cohort study included in the review, was a "high-quality" study. It presented all of the following characteristics: based on a large sample size, used a validated dietary questionnaire, measured anthropometric variables, and included model adjustment for SES and physical activity. This study from the EPIC (European Prospective Investigation into Cancer and Nutrition)-Norfolk, which was based on almost 7000 adults aged 40-75 y, found a significant negative association between percentage of breakfast energy intake and weight gain over the course of ;4 y of follow-up (weight reduction in kg: of 0.021 for a 1-percentage-point increase; P-trend = 0.004). No study on breakfast nutrient composition had all of these characteristics.
In addition, of the 19 studies included in the present review, 7 were funded by food companies (i.e., Kellogg's, Danone, PepsiCo, and General Mills); none of the included studies were funded by other sources only. The sponsorship seems not to have affected the results. Indeed, of the 7 sponsored studies, 4 reported null results for breakfast energy intake and/or breakfast nutrient composition.
Possible mechanisms. Although obesity has known genetic determinants, environmental factors-in particular dietmay play a role in its development. When energy intake is higher than energy expenditure, and therefore requirements, the amount of energy stored increases, with a corresponding increase in body fat. This potentially leads to obesity. Identifying a sensible amount (percentage) of energy intake at breakfast may contribute to avoiding energy imbalance and thus to preventing overweight/obesity. The composition of breakfast per se may be a relevant factor in obesity development. Some studies shared the hypothesis that a higher percentage of energy from carbohydrates at breakfast (instead of fat) may have positive effects on satiation immediately after a meal, as well as on sustained satiety during the entire day and, in the long term, on weight gain (14, 17, 20) . This hypothesis is also at the origin of several studies that reported specifically on the effect of RTEC breakfast consumption, in which a lower intake of cholesterol and a higher intake of fiber, in addition to a lower intake of fat, may protect against weight gain, (14, 17, 31) . However, not all carbohydrates are equal: a breakfast high in refined sugars could have a different effect on weight than a breakfast high in whole grains, the former being related to a higher obesity risk than the latter (33) .
Obese individuals are more likely to have less "satisfactory" breakfast habits than normal-weight individuals. This might be a reflection of an overall inadequate diet. For instance, obese individuals may have less-varied diets, with variety being negatively correlated with obesity (17) . Similarly, patterns of food selection are related to food preferences and may be similar across eating events in the day (24) . However, it is also conceivable that an inadequate breakfast contributes to worse food choices over the rest of the day and, in this regard, to an increased risk of obesity in the long term. An obese individual may compensate for an insufficient amount of energy from breakfast by consuming foods higher in energy over the rest of the day and/or by consuming high-fat snacks during the morning, thus deriving more energy from fat than from protein or carbohydrates (34) . In addition, an inadequate breakfast may also be associated with a reduced level of physical activity which, in turn, is related to the development of overweight/obesity (35) .
Summary of findings.
In conclusion, there is some evidence from observational studies that energy intake at breakfast may be associated with overweight/obesity in children, adolescents, and adults. In particular, most of the studies found that a lower energy intake at breakfast may be associated with overweight/obesity. Future research-in particular, from large, long-term randomized trials-should focus on improving the comparability of study-specific results via standardization of exposures, outcomes, and relevant confounding factors.
